Background Two decision analyses on managing the contralateral, unaffected hip after unilateral slipped capital femoral epiphysis (SCFE) have failed to yield consistent recommendations. Missing from both, however, are sufficient data on the risks associated with prophylactic pinning using modern surgical techniques. Questions/purposes We determined the incidence and nature of complications after contemporary prophylactic fixation of the contralateral, unaffected hip in patients with a unilateral SCFE. Methods We retrospectively identified and reviewed 99 children (mean age, 11 years; range, 8-15 years) who underwent prophylactic pinning of the contralateral hip after treatment of a unilateral SCFE at four tertiary-care children's hospitals from 2001 to 2010. Complications on the prophylactic side, such as avascular necrosis (AVN), chondrolysis, fractures, implant pain, and need for further surgery, were recorded. Minimum followup was 12 months (median, 26 months; range, 12-110 months).
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Introduction
The best management of the contralateral, unaffected hip in patients who present with a unilateral slipped capital femoral epiphysis (SCFE) remains controversial. The frequency of a subsequent slip on the side that is initially normal is reportedly between 14% and 40% [12, 14, 15, 18, 22, 26] . Many authors support routine prophylactic pinning of the contralateral, normal side to prevent the morbidity associated with a subsequent SCFE, which can include pain and loss of motion, as well as the development of femoroacetabular impingement, chondrolysis, and avascular necrosis (AVN) [8, 11, 12, 16, 20, 22, 23, 26] . Others argue routine prophylactic pinning for all patients with a unilateral SCFE will result in an unnecessary surgery for most patients [6, 7, 14, 15] .
Two previous decision analyses attempted to clarify the role of prophylactic pinning in patients with a unilateral SCFE but failed to yield consistent recommendations [15, 22] . As with any decision analysis, the final conclusions depend on the data used to estimate the incidence of potential complications related to each treatment option. To this point, most of the literature available on the risks of prophylactic pinning is outdated and based on the use of multiple pins without or with intraoperative imaging, rather than the current and accepted technique of a single large cannulated screw confirmed using modern C-arm image intensifiers [3, 5, 10, 13, 19, 21, 23] . Up-to-date data regarding the current risks of prophylactic screw fixation are essential for constructing an accurate prediction model to determine whether prophylactic pinning is justified.
In addition, it has been our experience that, although rare, substantial complications, including both AVN and fracture, can occur after prophylactic pinning. While the latter complication has been reported previously in the literature, the former has not.
We therefore (1) determined the incidence and nature of complications after prophylactic fixation of the contralateral, unaffected hip using modern surgical techniques and (2) explored preliminarily the relationship between implant position and the development of subsequent complications.
Patients and Methods
We retrospectively identified all 128 children who underwent prophylactic pinning of the contralateral, unaffected hip after in situ fixation of a unilateral SCFE with a single screw at four large tertiary-care children's hospitals from 2001 to 2010. Patients with underlying syndromes or endocrinopathies were excluded from this study. Twenty-nine of the 128 patients (22.6%) had inadequate followup, leaving 99 patients. There were 55 boys and 44 girls with a mean age of 11 years (range, 8-15 years). Minimum followup was 12 months (median, 26 months; range, 12-110 months). No patients were recalled specifically for this study; all data were obtained from medical records and radiographs. We obtained prior institutional review board approval from each respective institution.
All patients were pinned using modern C-arm image intensifiers. Eighty-one patients were pinned with a single 7.3-mm cannulated screw and 31 patients with a single 6.5-mm cannulated screw. Sixty-six patients had pinnings performed on a radiolucent table with both legs draped free. Twenty-three patients had each side pinned sequentially on a fracture table.
Patients were generally seen in followup at 3 weeks, 6 weeks, 3 months, and 6 months after surgery. Assuming a normal clinical course, the patients were then seen at 1 year after surgery and yearly thereafter. At each visit, both the affected hip and the side that was prophylactically pinned were examined for pain and ROM. AP and frog lateral views were obtained at each visit. Based on the medical records, we recorded demographic factors, type of implant, and specific complications on the prophylactic side, including AVN, chondrolysis, fractures, implant pain, infection, and need for further surgery. According to a recent orthopaedic adaptation of the validated Clavien-Dindo classification [9] for surgical complications, AVN and chondrolysis were considered Grade IV complications [24] ; fracture, deep infection, implant pain requiring removal, and unplanned surgery for any other reason were considered Grade III complications; and superficial infection and implant pain that did not require removal were considered Grade II complications. We did not measure Grade I complications, which were defined as complications that required no treatment or deviation from normal followup routines (eg, postoperative nausea, constipation, minor wound problem).
For each patient, one author from the corresponding institution who was not the treating surgeon (ENN, CL, AAA, BJS) reviewed the radiographic records to determine implant position (number of threads across the physis, entry site, and tip position). Entry site was classified as being above, at, or below the level of the lesser trochanter (Fig. 1A) . The position of the tip of the implant was classified using both AP and frog lateral views of the hip. On the AP view, the implant tip was classified as being superior, middle, or inferior ( Fig. 1B) . On the lateral view, the implant tip was classified as being anterior, middle, or posterior (Fig. 1C ). This resulted in nine possible screw tip positions. In addition, the distance between the tip of the implant and the joint surface was defined as the closest distance on either view (AP or frog) as measured using standard PACS 1 software (Phillips Healthcare Informatics Inc, Foster City, CA, USA).
Results
Of the 99 patients in our series who underwent prophylactic fixation of their unaffected hips, we found two cases of AVN (2%) and no cases of chondrolysis (0%). One of the children who developed AVN underwent removal of her implant, but at most recent followup 3 years after pinning, she had healing of her necrotic segment and was pain-free with all activities (Fig. 2) . The other child with AVN underwent implant removal and later a core decompression, iliac bone marrow injection, and arthroscopic osteochondroplasty. Thirty months after the initial pinning, he complained of intermittent pain and stiffness with restricted activities.
Two patients sustained periimplant femur fractures (2%) within a month of surgery that required treatment with open reduction and internal fixation ( Fig. 3 ). Both patients are currently pain-free and are back to their baseline activity level. Three patients had symptomatic hardware, two of whom required repeat surgery for implant removal (2%). Both of these patients reported resolution of their symptoms after implant removal despite the fact that one child suffered a broken screw during the removal surgery. In three patients (3%), growth occurred off the end of the prophylactic screw before physeal closure, but they did not require revision fixation.
No patients developed superficial or deep infections or a subsequent slip on the side of the prophylactic pinning. Counting major complications (Grades III and IV), our overall complication rate from prophylactic pinning was 6%.
With regard to implant position, 55 of 99 hips (56%) had an entry site above the level of the lesser trochanter, 33 hips (33%) an entry site at the level of the lesser trochanter, and 11 hips (11%) an entry site below the level of the lesser trochanter. In both cases of periimplant fracture, the screw entered at the level of the lesser trochanter. The mean distance between the joint and the tip of the implant was 6.9 mm (range, 1.2-15.7 mm). Of the two cases of AVN, one prophylactic screw was placed middle-middle with a screw tip-joint distance of 6.4 mm and the other was placed in the anterior-superior region with a screw tip-joint distance of 13.1 mm (Table 1) . Four patients (4%) had only two threads of the screw past the physis on the immediate postoperative radiographs, 21 patients (21%) had three threads past the physis, and 74 patients (75%) had four or more threads past the physis. Of the three patients who had growth off the end of the prophylactic screw, the first was a 9-year-old girl who had two threads across the physis, the second was a 10-year-old boy who had four threads of the screw across the physis, and the third was an 8year-old girl with five threads across the physis.
Discussion
Whether or not to prophylactically pin the contralateral side in a patient who initially presents with a unilateral SCFE remains an area of controversy despite two previous decision analyses attempting to answer this question [15, 22] . In 2002, Schultz et al. [22] recommended routine prophylactic pinning for all patients after performing a decision analysis based on functional outcome (Iowa hip score). In 2004, however, Kocher et al. [15] constructed a decision analysis based on patient preference and determined observation rather than pinning is preferred for most patients. The accuracy of any decision analysis, however, depends on the quality of the data used to weight each possible outcome. In particular, relatively few data exist in the literature describing the risks of prophylactic pinning from the more widespread technique of a single large cannulated screw placed using modern C-arm image intensifiers. We therefore determined the incidence and nature of complications after prophylactic fixation of the contralateral unaffected hip using modern surgical techniques and explored preliminarily the relationship between implant position and the development of subsequent complications.
We recognize certain limitations to our study. First, we had a limited sample size. Although this is the largest c reported series of patients prophylactically pinned using modern imaging and a large cannulated screw, we lacked sufficient numbers of complications to definitively determine whether implant position influenced the risk of developing an adverse event. We hope, however, the scheme that we created to categorize implant position could be used by future authors to analyze larger numbers of patients in a systematic manner. Second, the strength of any retrospective study hinges on the quality and completeness of the medical record and missing data. As an example to this point, we were unable to determine how many times the guidewire was inserted into the proximal femur before placing the definitive fixation. Clearly, multiple passes could increase the risk of iatrogenic fracture, and errant guidewire placement could jeopardize the epiphyseal blood supply. In addition, we could not determine whether the joint was inadvertently penetrated at any point during the procedure, although we did not find any cases of chondrolysis in this series. Third, we excluded patients with endocrinopathies and syndromes. We initially excluded this population because we believed it would lead to an overestimation in the complication rate associated with prophylactic pinning. In addition, we believed this group to be too heterogeneous to study as a single subcohort. We acknowledge patients with endocrinopathies and syndromes are considered at higher risk for a subsequent slip and therefore represent a population that is often prophylactically pinned; future studies in this area should consider including patients with these diagnoses. The complication rate in our series from prophylactic fixation is somewhat higher than those in previous reports in the literature using similar techniques and implants ( Table 2 ). In the French literature, Ghanem et al. [11] reported on 74 patients with unilateral SCFEs who underwent prophylactic fixation using a single cannulated holothreaded screw. They reported one case (1.4%) of periimplant fracture; two additional patients developed a slip after premature removal of the screw. The authors reported no cases of AVN, chondrolysis, or infection. More recently, Dewnany and Radford [8] reported a series of 65 patients prophylactically pinned using a single large cannulated screw and modern C-arm imaging. One patient (1.5%) developed a superficial wound infection, but there were no cases of AVN, chondrolysis, or pain requiring implant removal. Finally, Kumm et al. [16] described 34 patients with SCFE treated with prophylactic dynamic screw fixation of the unaffected hip. The authors reported no complications in their series.
A concerning finding from our series are the two patients who developed osteonecrosis. To our knowledge, these are the first two cases of AVN as a result of modern prophylactic pinning that have been reported in the literature. While other complications are more easily remedied, osteonecrosis can have irreversible and profound effects on health and function of the hip and the life of these young patients.
Based on the data from in situ fixation of stable SCFEs, a single large cannulated screw placed in the center-center position has become preferred over the use of multiple pins because of a lower complication rate [1, 2, 10, 17] . Brodetti [4] demonstrated the lateral epiphyseal blood vessels enter the epiphysis posterosuperiorly. The placement of implants into this quadrant, therefore, could potentially jeopardize the vascularity of the epiphysis [2] . In addition, it is generally believed screw entry below the level of the lesser trochanter increases the risk of periimplant fracture [25] . In our series of prophylactic pinnings, both cases of periimplant fracture occurred with screws entering at, but not below, the level of the lesser trochanter. One case of AVN occurred after an implant was placed in the anterosuperior quadrant, but the other resulted from a screw placed in the middle-middle position. The small number of patients with each complication, however, limits our ability to draw conclusions regarding the effect of prophylactic screw position on the risk of developing a subsequent complication. Based on our findings and previous results from the literature, prophylactic screw fixation of the unaffected hip in patients who present with a unilateral SCFE does prevent subsequent slip but it is not an entirely benign procedure. Complications can and do occur, including AVN, fracture, and implant pain, even with modern surgical techniques. The incidence and nature of these complications should be discussed with families as part of the shared decision-making process when choosing whether or not to prophylactically pin the unaffected hip in patients who initially present with a unilateral SCFE.
